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Contractual agreements were completed i n  l a t e  August 1969 and problems 

r e l a t i n g  t o  the  i n s t a l l a t i o n  of t h e  observing instruments i n  the  a i r c r a f t  

were pursued immediately. 

A mounting s t ruc tu re  w a s  designed and constructed t o  produce adequate 

mechanical in te r face  between the Lockheed photometers with the  associated 

e l ec t ron ic s  and the  NASA Convair 990 a i r c r a f t .  

A review of t he  up-to-date aurora l  l i t e r a t u r e  showed that the  object ives  

of t he  experiments could be g rea t ly  enhanced if  more channels were added t o  

t h e  Lockheed photometer. With the  concurrence of t h e  NASA Airborne Science 

Off ice ,  steps were taken t o  accommodate a 6 channel photometer experiment 

instead of the  proposed 4 channel experiment. The addi t iona l  two channel 

t i l t i n g  f i l t e r  photometer required f o r  t h i s  extension was supplied by Iock- 

heed. 

During the  middle p a r t  of November Lockheed personnel, Drs. R. H. Eather 

and S .  B. Mende, spent some time a t  NASA Ames Research Center where the  Lock- 

heed Photometer System was i n s t a l l e d  i n  the a i r c r a f t .  

The system i n  the  f l i g h t  qua l i f i ed  system had the  following advanced 

fea tures  . 
a. 

be 

C. 

6 channels of narrow band t i l t i n g  f i l t e r  type photometers. 

ac t ion  could be independently control led on each channel as desired.  

Pulse counting rate meter, giving exce l l en t  noise r e j ec t ion  and 

p a r t i c u l a r l y  useful  i n  a i r c r a f t  RF environmento 

Real t i m e  char t  recorder recording and monitoring i n  addi t ion  t o  

magnetic recording compatibi l i ty  . 

T i l t i n g  
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d. Signal  averaging capabi l i ty  by d i g i t a l  memory f o r  4 channels. 

F i l t e r  scans could be integrated f o r  hours i n  order  t o  enhance 

signal-to-noise r a t io .  

e. Active r e f r i g e r a t i o n  f o r  minimizing phototube noise. 

f e Simple i n - f l i g h t  absolute c a l i b r a t i o n  capabi l i ty  with standard l i g h t  

source. 

The system w a s  i n s t a l l e d  t o  look v e r t i c a l l y  up through two 6 9  windows 

of the  Convair 990. A l l  i n s t a l l a t i o n s  were completed and the  system was 

functioning pe r fec t ly  p r i o r  t o  f l i g h t  1 on November 1.9, 1969. 

Observations 

For the  first f e w  f l i g h t s  both Lockheed inves t iga tors  accompanied the  

experiment t o  ensure smooth t rouble- f ree  operation of the  complete system. 

Soon it was found t h a t  t h e  system operated b e t t e r  than  an t i c ipa t ed  and com- 

p l e t e  operat ion could be maintained by a s ingle  operator.  From f l i g h t  9 

onward only Dr .  Eather flew t o  accompany the  Lockheed experiment. 

The high s e n s i t i v i t y  of the  instrument and the  continuous recording 

capabi l i ty  and the  absence of malfunctions enabled us t o  take d a t a  continu- 

ously f o r  t he  e n t i r e  time the  viewing windows were open during t h e  f l i g h t s .  

A l l  t he  d a t a  f o r  t he  au ro ra l  f l i g h t s  were processed. The d a t a  from every 

channel were scaled a t  two minute i n t e r v a l s  f o r  a l l  the  f l i g h t s  except t he  

first f l i g h t  which w a s  e s s e n t i a l l y  a check out  f l i g h t  and never approached 

the  aurora l  zoner The two minutes sca l ings  were converted i n t o  punched 

computer cards 
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The navigator's l o g  book was obtained from t h e  NASA Airborne Science 

Office and the  pos i t i on  readings versus time were a l s o  converted i n t o  punched 

card format. A computer program was generated which in te rpola ted  the  posi-  

t i o n  of t h e  airplane from the  e n t r i e s  i n  the  navigator 's  l o g  and ca lcu la ted  

geographic l a t i t u d e s  and longi tudes at  two minute in te rva ls .  This same pro- 

gram converted t h e  photometer readings i n t o  absolute  q u a n t i t i e s  allowing f o r  

conversion f a c t o r s  and ca l ib ra t ion  values. A sample p r i n t  output is  shown as 

Appendix 1 t o  t h i s  report .  An explanation of t he  values i n  t h e  t a b l e s  is 

a l s o  enclosed. 

Besides the  universa l  time geographic pos i t i on  and photometer values,  

the  magnetic l o c a l  t i m e ,  the  invar ian t  l a t i t u d e  and L values were a l l  ca l -  

culated. To discr iminate  aga ins t  o the r  v i s i b l e  r ad ia t ion  sources the  program 

was used t o  check f o r  contaminations from the  Milky Way and f r o m  s o l a r  radia- 

t i o n  by ca l cu la t ing  the  l o c a l  shadow he ight  at  the  t i m e  of the  observation. 

This computer program was a l s o  enlarged t o  do a s t a t i s t i c a l  ana lys i s  of 

the photome t e r  data.  

A complete p r in tou t  output w a s  submitted t o  the NASA Airborne Science 

Office i n  March 1970. 

Data ana lys i s  

The f l i g h t  pa th  of the NASA Convair 990 is p l o t t e d  on the  invar ian t  

l a t i t u d e  and magnetic t i m e  frame Of reference (Fig.  1). 

nights ide was accomplished by the  expedition and there  were two Midday 

F a i r l y  good coverage of t he  

Auroral F l igh ts .  Since t h e  au ro ra l  phenomenon is  governed by parameters 

which are best referenced by the  invar ian t  l a t i t u d e  and magnetic time system, 

the  ca l cu la t ion  of these  coordinates allowed t h e  der iva t ion  of some average 

p rope r t i e s  of t h e  observed auroraee 
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a. Confirmation of the  "soft  au ro ra l  zone" north of the  nights ide 

aurora ,  as discussed on the  1968 expedition. 

t he  r a t i o  of the  6300 emission t o  4278 is p lo t t ed  as a func t ion  of  

t he  invar ian t  l a t i t u d e .  

t o  the sof t  e lec t rons ,  There is a s i m i l a r  increase i n  the  same 

r a t i o  on the  low equatorward s ide  of the  au ro ra l  zone. If t h i s  

were real it would be a very s i g n i f i c a n t  discovery, but  it is too  

e a r l y  t o  say y e t  whether the  s t a t i s t i c s  associated w i t h  t h i s  low 

l a t i t u d e  peak i s  good enough t o  be s ign i f i can t .  

Referring t o  Fig. 2 

The high r a t i o s  of the  high s ide  a re  due 

be Discovery of an analogous s o f t  zone near midday located a t  much 

higher  l a t i t u d e s  than at night. The r a t i o  of 6300/4278 is extremely 

high on the  nightside of Fig. 2 ind ica t ing  the  p r e c i p i t a t i o n  of very 

low energy e lec t rons .  

Confirmation of the  s o f t  zone by p l o t s  of  5200/4270 r a t i o s .  c. See 

Fig. 3. The 5200 atomic nitrogen emission has a very long l i f e t ime  

usually t h e o r e t i c a l l y  26 hours. Our r e s u l t s  show t h a t  the  5200w 

emission follows au ro ra l  f l uc tua t ions  with r e l a t ive ly  sho r t  time 

scale .  I n  order  t o  s a t i s f y  r e a l i s t i c  e x c i t a t i o n  r a t e s  t he  l i f e t ime  

must be sho r t e r  than predicted from theory, notwithstanding quench- 

ing e f f e c t s .  

d. The pos i t ion  of the  hydrogen aurora l  region with respect  t o  the  

e l ec t ron  region, Fig. 4. The premidnight region w a s  found t o  be 

the  neares t  t o  t he  equator. 

p r o f i l e  but  no ne t  northward motion is  observed. 

The post-midnight region shows a wider 

The midday proton 

au ro ra l  zone is  poleward of t he  n ight  zone. 
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4- e, The 5995 O2 emission accompanies high energy e l ec t ron  produced 

lower red border auroras. The systematic s t a t i s t i c a l  ana lys i s  of 

t h i s  emission d i d  not produce any d iscern ib le  tendencies. 

On a l a rge  number of f l i g h t s  t h e  5876A atomic He l i n e  w a s  monitored. 

An emission near 5876 was of ten  detected,  but t he re  was no doppler 

s h i f t  between zeni th  and horizon d i rec t ions ,  and we concluded it 

was (8-2) OH, i n  agreement with e a r l i e r  inves t iga t ions .  

f .  

g. Studies  of .the d i s t r i b u t i o n  of the  proton emission w i t h  respect  t o  

t h e  e l ec t ron  auroras. I n  every case where possible  a d i r e c t  p l o t  

of t he  H and 4278 w a s  obtained as the  plane w a s  t r ave l ing  i n  the  

north,  south d i r ec t ion  as a function of l o c a l  t i m e .  The results 

of t h i s  inves t iga t ion  were presented a t  t h e  A.G.U. meeting i n  

Washington by Dr. Father. Essent ia l ly  t h e  f indings were t h a t  the  

proton aurora i n  the  morning s ide is mixed up with the  e l ec t ron  

aurora and the  proton crossover d id  not appear t o  be present  con- 

trary t o  suggestions i n  the l i t e r a t u r e  by various authors.  

h. The inves t iga t ion  of the  s p a t i a l  i n t ens i ty  d i s t r i b u t i o n  of aurora  i n  

+ N2 42781 and 01 55771. A prep r in t  of t h i s  inves t iga t ion  is enclosed. 

This paper is i n  the process of being submitted t o  the  J.G.R. 

Publ icat  ions 

Besides the  publ icat ion a t  the A.G.U. meeting i n  Washington, D.C., j u s t  

referred t o ,  D r s s  R. He Father and S. Be Mende gave the following two papers: 

+ 1. 

2. 

The S p a t i a l  Extent of Aurorae i n  N2 

The Preliminary Results of the Lockheed 6 Channel Photometer on the  

4278 and 01 5577 emissions. 

NASA Convair 990 Expedition. 
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A t  t h e  close of t h e  cont rac t  it is expected t h a t  more than  one publica- 

t i o n  w i l l  be submitted covering t h e  results discussed previously under po in t s  

a-g i n  the  da t a  ana lys i s  sections.  

Figure Captions 

Fig.  1: F l i g h t  paths on the  1969 Convair Expedition, p lo t t ed  on an  inva r i an t  

geomagnetic latitude-magnetic time g r id .  

The ra t io  6300 01/42-78 N2 , correc ted  f o r  proton exc i t a t ion  and a i r -  

glow, as a func t ion  of i nva r i an t  l a t i t u d e ,  f o r  daytime and nighttime 

I- Fig. 2: 

i n t e r v a l s  . 
The r a t i o  5200 m/4278 N2 

glow, as a func t ion  of i nva r i an t  l a t i t u d e ,  f o r  daytime and nighttime 

i n t e r v a l s .  

3. 
Fig. 3: cor rec ted  f o r  proton exc i t a t ion  and a i r -  

Fig.  4: Averaged H@ emission, as a function of i nva r i an t  l a t i t u d e ,  f o r  t h r e e  

magnetic-time i n t e r v a l s .  
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ABSTRACT 

An i n v e s t i g a t i o n  o f  t h e  s p a t i a l  e x t e n t  o f  a u r o r a e  was 
under taken  from C o l l e g e ,  A laska ,  by  t h e  ground based 
Lockheed t w o  channe l  (5577g and 42788) image i n t e n s i f i e r  
TV sys tem and  w i t h  a m u l t i c h a n n e l  b o r e s i g h t e d  t i l t i n g  
f i l t e r  photometer .  The measurements i n d i c a t e  t h a t  even on 
clear n i g h t s  t h e  e x t i n c t i o n  due  t o  s c a t t e r i n g  i n  t h e  
42788 is s i g n i f i c a n t  u n l e s s  t h e  measurements a re  t a k e n  
a t  s m a l l  z e n i t h  a n g l e s .  To conf i rm t h e  r e s u l t s  and  t o  
a v o i d  t h e  low a l t i t u d e  s c a t t e r i n g  problem, measurements 
w e r e  made on a q u i t e  a r c  w i t h  t h e  Lockheed 6 channe l  
t i l t i n g  f i l t e r  z e n i t h  photometer  d u r i n g  t h e  NASA C V  990 
expedi t ion.  These r e s u l t s  show t h a t  i n  t h e  c a s e s  ob- 
s e r v e d  t h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  be tween t h e  
l a t i t u d e  profiles of  O( 5577) and N 2  (4278)  emis s ions .  + 



INTRODUCTION 

The most i n t e n s e  v i s i b l e  a u r o r a l  r a d i a t i o n s  a r e  produced by  t h e  

O I ( 5 5 7 2 )  t r a n s i t i o n  and  by t h e  N 

t r i b u t i o n  of t h e s e  two components o f  a u r o r a l  emis s ion  has  been 

i n v e s t i g a t e d  by Romick and Belon (1969,  1967a, 1967b) who o b t a i n e d  

a v e r y  i n t e r e s t i n g  r e s u l t .  I n  t h e i r  e x p e r i m e n t  t h e y  measured t h e  

i n t e n s i t y  p r o f i l e  of  a t h i n  a u r o r a l  a r c  and concluded  t h a t  t h e  

s p a t i a l  w id th  ( t h e  n o r t h  s o u t h  e x t e n t )  of t h e  emis s ion  is g r e a t e r  

i n  t h e  N molecu la r  i o n  emis s ion  t h a n  i n  t h e  O I ( 5 5 7 7 )  emis s ion .  

T h i s  r e s u l t  was unexpected and a c a r e f u l  a n a l y s i s  was g iven  by t h e  

a u t h o r s  who found t h a t  t h e  d i s c r e p a n c y  w a s  rea l .  

+ 
band sys tem.  The s p a t i a l  d i s -  2 

+ 
2 

If t h e  a u r o r a l  a rc  i n v e s t i g a t e d  by Romick and  Be lon  w a s  typical ,  

one s h o u l d  expect t o  f i n d  q u i t e  o f t e n  a s i m i l a r  difference i n  t h e  

s p a t i a l  w id th  i n  a u r o r a l  a r c s .  S ince  t h e  i n v e s t i g a t i o n  d i s c u s s e d  

i n  t h e  present p a p e r  w a s  a n  a t t e m p t  t o  r e p e a t  t h i s  exper iment  i t  

may be n e c e s s a r y  t o  summarize t h e  p r e v i o u s  r e s u l t s  t o  show whether 

o r  n o t  a s i g n i f i c a n t  d i s c r e p a n c y  w a s  observed .  According t o  Romick 

and Belon (1964,  1967a, 1967b) t h e r e  a re  t w o  d i s t i n c t  zones i n  which 

t h e  N2 (3914)  and  t h e  O I ( 5 5 7 7 )  d e v i a t e  i n  d i s t r i b u t i o n .  The a u r o r a l  

a r c  under i n v e s t i g a t i o n  a p p a r e n t l y  c o n s i s t e d  o f  a n  i n t e n s e  c e n t r a l  

c o r e  and of a d i f f u s e  b road  " s k i r t "  of  less t h a n  5% of t h e  peak 

i n t e n s i t y .  According t o  t h e  model which f i t s  t h e  o b s e r v a t i o n s  best 

b o t h  of t h e s e  r e g i o n s  e x h i b i t e d  a difference i n  t h e  s p a t i a l  d i s t r i -  

b u t i o n  of t h e  t w o  emis s ions .  A c h a r a c t e r i s t i c  h a l f w i d t h  in t h e  

c e n t r a l  c o r e  f o r  t h e  3914 and  5577 was 5 km and 3.3 km r e s p e c t i v e l y .  

T h i s  co r re sponds  t o  a n  a n g u l a r  d i s t a n c e  of 2 . 9  

t i v e l y  a s  observed  from t h e  ground d i r e c t l y  under  t h e  a u r o r a l  f o r m .  

+ 

0 and 1 . 9 O  respec- 
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The low intensity skirt characteristic halfwidth was 31 km and 15 km 

in 3914 and in 5577 respectively (corresponding to 17 and 8-5O) e 

Because of this structure and the differences in the distribution 

of the two intensities the ratio of the two emissions is a very com- 
plex function of position. Romick and Belon found that the ratio of 

volume emission rate varied between 1 and 12. 

0 

The Romick and Belon (1969, 1967a, 1967b) investigation was carried 
out by fitting photometer data from two stations to a model aurora. 

It was found that the adaptdtion of a model with the above described 
deviation in the 39148 and 55778 distribution was necessary to fit 

the experimental data. A critical review may show that there could 
be other models which would satisfy the observations. For example 

it is not evident why the luminosity distribution is necessarily 
symmetrical about the center of the arc in the north south direction. 

On the other hand it is not clear either that a non-symmetrical model 

would yield the desired results without the hypothetical 3914/5577 

anomaly. Other criticisms could be raised against the treatment of 

scattering by Romick and Belon. For example one can show that the 

anomaly as observed in the broad "skirt" region of the arc could 

have been caused by atmospheric scattering. 

(1967) conducted a rocket photometer experiment and 
apparently found similar discrepancy in the spatial extent of the 
N2 and OI(5577) emissions. This rocket method did not produce a 
quantitative measure of the differences in the arc and the geometry 

of the experiment seems to hinder quantitative interpreta*ion. 

+ 

+ 
The excitation of the first negative band system of N 

42782) requires the presence of particles whose energies are in 
excess of 18 volts. Therefore the excitation of these emissions 

fs caused mainly by primary particles. The cross sections are 

fairly well known for the ionization and excitation of N allowing 

(39148 or 2 

2 

- 2 -  



t h e  p r e d i c t i o n  of a f a i r l y  direct  r e l a t i o n s h i p  between the ene rgy  

d i s t r i b u t i o n  of  the p r imary  particles and  t h e  amount of l i g h t  emitted 
+ 4- 

i n  t h e  N2 n e g a t i v e  band, The N2 n e g a t i v e  sys tem t h e r e f o r e  c a n  be 

rega rded  as  a f a i t h f u l  r e p r e s e n t a t i o n  o f  t h e  ene rgy  i n p u t  of t h e  

p r imary  a u r o r a l  particles.  Hence t h e t e m p o r a l  and  s p a t i a l  d i s t r i b u -  

t i o n  o f  t h e  39148 or  42788 emiss ion  i n  a n  a u r o r a l  f o r m  can  be rega rded  

t o  r e p r e s e n t  t h e  d i s t r i b u t i o n  o f  the  p r imary  ene rgy  i n p u t .  

The g e n e r a t i o n  of t h e  5577a 01 emiss ion  is a less w e l l  unde r s tood  

mechanism, Donahue, e t  a l .  1968. The o b s e r v a t i o n  of t h e  N n e g a t i v e  

band sys t em and i ts  r e l a t i o n s h i p  t o  55778 e m i s s i o n  may be able t o  
r e s o l v e  t h e  mechanism r e s p o n s i b l e  for  5577 g e n e r a t i o n .  

c 
2 

The observed d i f f e r e n c e  i n  t h e  s p a t i a l  e x t e n t  by Romick and  Belon 

(1967a ,  1967b)(hence  i t  w i l l  be referred t o  a s  "blue g reen  anomaly1?) 

can  be i n t e r p r e t e d  a s  a s p a t i a l  v a r i a t i o n  i n  t h e  5577 g e n e r a t i n g  

mechanism a c r o s s  t h e  a u r o r a l  form. For example t h i s  c o u l d  be caused  

b y  a n  i n h e r e n t  n o n l i n e a r i t y  i n  t h e  5577 g e n e r a t i o n .  

A l t e r n a t i v e l y  the b l u e  g reen  anomaly c o u l d  be caused  by a s p a t i a l  

v a r i a t i o n  of either t h e  incoming a u r o r a l  primaries w i t h i n  t h e  a u r o r a l  

f o r m  o r  t h e  v a r i a t i o n  of t h e  ambient atmosphere.  I f  on t h e  o t h e r  

hand t h e  f i rs t  h y p o t h e s i s  w e r e  t r u e  and a n  i n h e r e n t  n o n - l i n e a r i t y  in 

t h e  i n t e r a c t i o n  i tsel f  w e r e  r e s p o n s i b l e  for  t h e  anomaly one  would 

expect t o  see the n o n - l i n e a r i t y  i n  t h e  5577 g r e e n  p r o d u c t i o n  q u i t e  

g e n e r a l l y  i n  a l l  i n t e n s e  a u r o r a l  formations.  

I n  a n  a t t e m p t  t o  repeat t h e  o b s e r v a t i o n  of t h e  b l u e  g reen  anomaly 

t w o  expe r imen t s  were carried o u t .  I n  t h e  f i r s t  exper iment  a n  image 

i n t e n s i f i e r  t e l e v i s i o n  sys tem was used  t o  record images of a u r o r a  

s i m u l t a n e o u s l y  i n  42788 and i n  55778 emiss ion .  I n  t h e  second ex- 

per imen t  a n  a i r b o r n e  mul t i channe l  f i l t e r  photometer was used  t o  

measure t h e  42788 and  55778 r a t i o  w h i l e  t he  photometer  was scann ing  

t h e  edge  of a s t e a d y  " q u i e t  a r c "  i n  t h e  z e n i t h .  
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DESCRIPTION OF TIE IMAGE INTENSIFIER TV CAMERA 

For optimum detection efficiency photoelectric detection techniques 

are used to investigate the aurora. 
the photons from the auroral luminosity are imaged on the photosen- 

sitive photocathode by an optical system. Thus the photocathode 

produces photoelectrons which can be counted andthe count rates re- 

corded. Table 1 summarizes quantitatively the maximum theoretical 

efficiency which is possible by using this technique. P<Y is the 

photoelectron count rate as a function o f a  the angular field of 

view. The substitution of practical parameters into the formulae 
gives the tabulated values of Table 1. Note that at the field of 

view which corresponds to the spatial resolution of a conventional 

TV system, i.e. less than 0.1 degrees, the photoelectron counting 

rate is 200 photoelectron counts per second for a 1 kilorayleigh 
aurora. Hence for a high time resolution TV system which takes 60 

exposures per second the average number of counts in one field is 
only about 3 .  Such considerations show clearly that most real time 

fast auroral studies will necessitate the efficient recording of 

almost all of these photoelectrons. Even then the high time and 
spatial resolution restricts the investigation to the brighter 

events only and in most cases the results will be limited by statis- 

tical noise. There have been a number of investigations of auroras 

using modified conventional TV cameras such as Image Orthicons and 

SEC Vidicons (Davis and Hicks 1964, Cresswell, et a1 1965, Davis 

1967, Mende and O'Brien 1968, Beach 1968, Mende 1969) 

In a photoelectric photometer 

- 
_I_ - 

These investigations however were restricted to the recording of 
brighter events and using no spectral separation of the different 
wavelength emissions. In order to enhance the detection efficiency 
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a s  much a s  possible a n  Image I n t e n s i f i e r  TV camera w a s  c o n s t r u c t e d  

which h a s  a v e r y  h i g h  p h o t o e l e c t r o n  r e c o r d i n g  e f f i c i ency . (Mende  1970) 

The sys t em is i l l u s t r a t e d  on F i g  1. L i g h t  f r o m  t h e  a u r o r a  is re- 

c e i v e d  th rough  t w o  c h a n n e l s .  The direct  c h a n n e l  p a s s e s  through a n  

i n t e r f e r e n c e  f i l t e r  of wavelength type 1. The o t h e r  c h a n n e l  is re- 

flected by t h e  so called 40° mirror and t h e n  the l i g h t  passes t h r o u g h  

t h e  i n t e r f e r e n c e  f i l t e r  o f  wavelength type 2. The t w o  beams are t h e n  

combined b y  t h e  45O d i c h r o i c  beam spli t ter .  T h i s  45O mirror is 

coated w i t h  a reflector which i s  h i g h l y  reflective t o  r a d i a t i o n  

type 2 w h i l e  i t  is  almost f u l l y  t r a n s p a r e n t  t o  wavelength type 1. 

T h i s  way t h e  t w o  beams a r e  recombined w i t h  minimum loss of  l i g h t .  

Both beams a re  t h e n  p a s s e d  th rough  t h e  p r i m a r y  optics and focused  

on t h e  f i rs t  photoca thode  of t h e  Image I n t e n s i f i e r  Tube. I n  o r d e r  

t o  r e - s e p a r a t e  t h e  t w o  beams t h e  top h a l f  of t h e  image i n t e n s i f i e r  

photoca thode  is cove red  w i t h  a g e l a t i n e  Wrat ten  t y p e  c o l o u r  f i l t e r  

which is t r a n s p a r e n t  t o  type 1 l i g h t  and  opaque t o  type 2 l i g h t .  

While t h e  bottom h a l f  i s  covered  w i t h  a d i f f e r e n t  Wrat ten  f i l t e r  

which s e p a r a t e s  i n  t h e  opposite s e n s e .  

By t h e  ad jus tmen t  of t h e  a n g l e  of  t h e  40° mirror t h e  t w o  beams c o u l d  

be made t o  o r i g i n a t e  from the same par t  of t h e  sky. T h i s  way t h e  

s a m e  a u r o r a  c o u l d  be imaged th rough  t h e  t w o  d i f f e r e n t  f i l t e rs  t o  f o r m  

t h e  t w o  c h a n n e l  color separat ion.  For t h e  expe r imen t s  described i n  

t h i s  paper the f i l t e r  f o r  beams 1 and  2 w e r e  selected t o  optimize 

t h e  t r a n s m i s s i o n  of 5577 and 4278 r e s p e c t i v e l y .  The bandwidth of 

both f i l ters  was 602. 

The p h o t o e l e c t r o n  image i n  the image i n t e n s i f i e r  w a s  f o c u s e d  by t h e  

a i d  of t h e  f o c u s s i n g  e l ec t ro -magne t .  The Image I n t e n s i f i e r  c o u l d  

be made t o  operate w i t h  a l i g h t  g a i n  of o v e r  lo6 which w a s  s u f f i c i e n t  

t o  g e n e r a t e  a b r i g h t  recordable l i g h t  spot on t h e  o u t p u t  phosphor 

for  each  p h o t o e l e c t r o n .  However for  m o s t  a u r o r a l  i n t e n s i t y  p rof i le  
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a n a l y s i s  lesser image i n t e n s i f i e r  g a i n s  w e r e  found t o  be optimum. 

The image from t h e  o u t p u t  phosphor w a s  l e n s  coup led  i n t o  t h e  

Plumbicon type TV camera. The Plumbicon i s  v e r y  s i m i l a r  t o  v i d i -  

cons  however it is  s u p e r i o r  i n  l i n e a r i t y ,  t i m e  r e s o l u t i o n  and d a r k  

c u r r e n t .  The camera g e n e r a t e d  v i d e o  s i g n a l  w a s  recorded b y  magnet ic  

r e c o r d i n g  w i t h  t h e  t i m e  and  a h g u l a r  p o s i t i o n  of t h e  look a n g l e .  For 

more detailed d e s c r i p t i o n  of a s i m i l a r  sys t em see S c o u r f i e l d  and 

Pa r sons  ( 1969) e 

The TV sys t em w a s  b o r e s i g h t e d  w i t h  a f o u r  c h a n n e l  t i l t i n g  f i l ter  

photometer  of the type described b y  E a t h e r  and Reasoner 1968. 

The c h a n n e l s  which w e r e  used  t o  mon i to r  55778, 42788, 6300 01 and 

4 8 6 s .  

Besides e x t e n s i v e  cross c a l i b r a t i o n s  of t h e  t w o  sys tems i n  t h e  f ie ld  

t h e  TV sys tem w a s  e v a l u a t e d  i n d e p e n d e n t l y  i n  l a b o r a t o r y  tests re- 

g a r d i n g  l i n e a r i t y ,  r e s o l u t i o n  and a b s o l u t e  s e n s i t i v i t y .  
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THE IMAGE INTENSIFIER TV CAMERA OBSERVATIONS 

During March and t h e  e a r l y  part  of A p r i l  1969 t h e  Lockheed Image 

I n t e n s i f i e r  Plumbicon Camera was used  t o  g a t h e r  a u r o r a l  d a t a  a t  

C o l l e g e ,  Alaska ( i n v a r i a n t L . a t t i t u d e  of 64.9 and L = 5.5.) Many 

hours  of  v i d e o  tapes w e r e  g a t h e r e d  d u r i n g  e v e r y  c l e a r  n i g h t  b u t  no 

narrow a u r o r a l  a r c  was e v e r  observed  n e a r  t h e  z e n i t h .  The g e n e r a l  

p a t t e r n  of t h e  a u r o r a l  a c t i v i t y  f i t t e d  v e r y  w e l l  t h e  q u i e t  t i m e  

a u r o r a l  o v a l  concept o f  F e l d s t e i n  1963 b y  d i s p l a y i n g  q u i e t  a r c s  

n e a r  t h e  n o r t h e r n  h o r i z o n  d u r i n g  e a r l y  even ing  and i n t e n s i f y i n g  

and becoming m o r e  a c t i v e  towards midnight  w h i l e  moving southwards .  

By t h e  t i m e  t h e  a u r o r a  was n e a r  the z e n i t h  i t  was g e n e r a l l y  f a i r l y  

a c t i v e  approach ing  t h e  b r e a k  up phase .  Dur ing  t h e  month and  a h a l f  

o f  o b s e r v a t i o n  periods t h e r e  was n o t  one s i n g l e  c a s e  o f  a q u i e t  

narrow a r c  n e a r  t h e  z e n i t h  a t  C o l l e g e  which w a s  comparable i n  w id th  

t o  t h e  one documented by  Romick and Belon (1964,  1967a, 1967b). 

Q u i t e  o f t e n  a u r o r a l  arcs  w e r e  observed  n e a r  t h e  h o r i z o n  d u r i n g  

e a r l y  even ing  periods. However t h e  o b s e r v a t i o n  of  t h e  h o r i z o n t a l  

d i s t r i b u t i o n  o f  t h e  N 

h inde red  by t h e  geometry and by t h e  e x t r e m e l y  h i g h  a p p a r e n t  e x t i n c -  

t i o n  of t h e  N (4278) .  I t  w a s  found t h a t  even on c lear  n i g h t s  t h e  

r a t i o  of g reen  t o  b l u e  w a s  v e r y  h i g h  (between 10 and 20) for  a u r o r a  

observed  a t  z e n i t h  a n g l e s  of g r e a t e r  t h a n  60 d e g r e e s .  (Normal 55772 

t o  4278 ra t ios  r ange  between 4 and 6 . )  Such r a t io s  c a n  be e x p l a i n e d  

on t h e  basis  of e x t i n c t i o n  due  t o  a e r o s o l  s c a t t e r i n g .  N e v e r t h e l e s s  

s i n c e  t h e  t r a n s m i s s i o n  of t h e  atmosphere was n o t  monitored d u r i n g  

t h e s e  expe r imen t s  any  o b s e r v a t i o n s  made a t  l a r g e  z e n i t h  a n g l e s  w e r e  

considered s u s p e c t .  I n  a d d i t i o n  t h e  v e r y  h i g h  e x t i n c t i o n  i n  t h e  

+ 
(42782) and O I ( 5 5 7 7 8 )  i n  t h e s e  a r c s  was 2 

+ 
2 
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b l u e  4278 made i t  v e r y  d i f f i c u l t  t o  c o n s t r u c t  i n t e n s i t y  prof i les  for  

the  N2 
normal a u r o r a l  i n t e n s i t i e s .  

i- 
emiss ion  because  of  t h e  v e r y  poor  s i g n a l  t o  n o i s e  r a t i o  a t  

The data  a n a l y s i s  w a s  restricted t o  e v e n t s  which occurlred n e a r  t h e  

z e n i t h  and  t h e r e f o r e  c o n t a i n e d  a r e a l i s t i c  b l u e  t o  g r e e n r a t i o .  M o s t  

of t h e s e  e v e n t s  w e r e  however f a i r l y  a c t i v e  and  w e r e  v e r y  u n l i k e  

c l a s s i c a l  q u i e t  arcs. F o r t u n a t e l y  t h e  h i g h  t i m e  r e s o l u t i o n  TV sys t em 

was a b l e  t o  record t h e s e  e v e n t s  and  permit t h e  i n t e r p r e t a t i o n  of t h e  

i n s t a n t a n e o u s  i n t e n s i t y  prof i les  i n  t h e  two e m i s s i o n s .  

The v i s u a l  o b s e r v a t i o n  o f  t h e  TV moni tor  when t h e  t a p e  r e c o r d i n g s  

o f  such  e v e n t s  a r e  r ep layed  g i v e s  a v e r y  c l e a r  p i c t u r e  of t h e  f a s t  

motions t a k i n g  p l a c e  i n  t h e  4278 N emiss ions  and  c l e a r l y  shows 

t h e  s l o w e r  changes i n  t h e  55772 e m i s s i o n s  which a r e  presumably due  

t o  t he  l i f e t i m e  of t h e  p a r e n t  s t a t e  o f  t h e  5577 t r a n s i t i o n .  A t y p i c a l  

sequence  f r o m  a z e n i t h a l  a u r o r a l  e v e n t  i s  presented on Fig., 2. The 

photographs  w e r e  t a k e n  a t  t w o  second i n t e r v a l s  and t h e y  a r e  showing 

t h e  t i m e  h i s t o r y  o f  a s m a l l  p a r t  o f  a f a i r l y  a c t i v e  b road  z e n i t h a l  

a u r o r a l  f o r m .  

c o l o r s .  A t  t h e  s t a r t  o f  the  sequence there is a b road  a u r o r a l  patch 

i n  t h e  c e n t e r  which i s  decaying  f a s t  i n  t h e  b l u e  and  s lower  i n  t h e  

g reen .  Suddenly a v e r y  b r i g h t  r e l a t i v e l y  narrow p a t c h  a p p e a r s  in 

t h e  b l u e  and moves towards t h e  r i g h t  o f  t he  p i c t u r e .  The  g reen  e m i s -  

s i o n  f o l l o w s  t h e  b l u e  p r o f i l e  w i t h  t h e  c h a r a c t e r i s t i c  t i m e  d e l a y .  

I n  order t o  make a s i g n i f i c a n t  comparison o f  t he  t i m e  dependent  pro- 

f i l es  i n  t h e  t w o  c o l o r s  a sequence of TV l i n e s  i s  presented i n  F i g .  3 -  

The t w o  TV l i n e s  co r re spond  t o  t h e  same p o i n t  i n  s p a c e  and r e p r e s e n t  

the i n s t a n t a n e o u s  p r o f i l e s  of t h e  aurora  i n  t h e  two colors. The mag- 

n i t u d e  represents t h e  i n t e n s i t y  and was d i s p l a y e d  w i t h  an  a t t e n u a t e d  

ampl i tude  i n  t h e  g r e e n  p r e s e n t a t i o n .  T h i s  was done t o  a l l o w  more 

direct  comparison b e t w e e n  t h e  t w o  p rof i les .  The t r u e  r a t i o  was n e a r  

t o  s i x  when c o r r e c t i o n s  w e r e  a p p l i e d  f o r  t r a n s m i s s i o n s ,  e tc .  

4- 

2 

The f i e l d  of view is e s s e n t i a l l y  1 5 O  by loo f o r  b o t h  
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The sequence  shown on F i g .  3 shows v e r y  good agreement between t h e  

42782 and  55778 p r o f i l e .  

f i l e  a t  4 seconds  a f t e r  t h e  beg inn ing  of t h e  sequence ,  however t h e  

difference is i n  t h e  o p p o s i t e  s e n s e  t o  t h e  above mentioned "b lue  

g reen  anomaly." 

There is a d i s t i n c t  difference i n  t h e  p ro -  

+ 
I n  o u r  case t h e  b l u e  N, (42788) is nar rower  t h a n  

L 

t h e  d i f f u s e  01( 55778) emiss ion  d i s t r i b u t i o n .  T h i s  i s  expected f r o m  

t h e  l o n g  l i f e t i m e  a s s o c i a t e d  wi th  t h e  g r e e n  e m i s s i o n .  P r i o r  t o  t h e  

exposure  of t h i s  frame t h e  4278 d i s t r i b u t i o n  of t h e  42788 emiss ion  

w a s  f a i r l y  broad .  
t h e  long  l ifetime g r e e n  55778 emiss ion  p e r s i s t i n g .  

L a t e r  however i t  disappeared i n  t h e  sides l e a v i n g  

The f o l l o w o n p a r t  of t h e  sequence c o n s i s t s  of t h e  b l u e  p a t c h  moving 

towards t h e  r i g h t  a n d  b e i n g  followed by t h e  g reen  5577 emiss ion .  

T h i s  t y p e  o f  p r e s e n t a t i o n  permits t h e  measurement o f  t h e  a p p a r e n t  

l i f e t i m e  of t h e  g reen  55778 emiss ion .  

t h e  r e a l  lifetime, h e i g h t  measurement and  t h e  e s t i m a t i o n  of quenching  

i s  r e q u i r e d .  

However i n  order t o  i n t e r p r e t  

The above example shows t h a t  even i n  f a s t  moving a u r o r a  t h e  d i s t r i -  

b u t i o n  of t h e  N 

t h e  d i s c r e p a n c i e s  can be r e s o l v e d  by  arguments based  on l i f e t i m e  

effects.  

+ 
4278 and  t h e  01 55778 e m i s s i o n s  a r e  s i m i l a r  and 2 

I n  t h e  above exper iment  t h e  s i g n a l  t o  n o i s e  r a t i o  w a s  n o t  h i g h  enough 

e s p e c i a l l y  i n  t h e  b l u e  4278 t o  r e s o l v e  whether  o r  no t  t h e  e x t e n s i v e  

d i f f u s e  s k i r t  (Romick and Belon 1967) w a s  p r e s e n t .  But r e g a r d i n g  t h e  

q u e s t i o n  on t h e  c e n t r a l  core of  t h e  a u r o r a l  f o r m  t h e  v e r y  h i g h  s p a t i a l  

r e s o l u t i o n  of t h e  TV sys tem (less t h a n  - 2  d e g r e e s )  would have  shown 

up a s i g n i f i c a n t  d i f f e r e n c e .  I t  w a s  a g r e a t  advan tage  of t h e  TV 

sys tem t h a t  such  s t u d i e s  c o u l d  be carried o u t  on f a s t  moving a u r o r a e  

and t h e  arguments need no t  be restricted t o  q u i e t  a u r o r a l  forms. 

T h i s  i s  p a r t i c u l a r l y  impor t an t  because  a u r o r a l  a r c s  which a r e  seem- 

i n g l y  q u i e t  when examined b y  TV sys tems may show f i n e  f a s t  moving 

s t r u c t u r e s ,  Davis  1967. 
P 
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F i n a l l y  i t  s h o u l d  be p o i n t e d  o u t  t h a t  d u r i n g  t h e  o b s e r v a t i o n s  w i t h  

t h e  image i n t e n s i f i e r  TV camera s e v e r a l  examples of rayed  a u r o r a l  

a r c s  w e r e  recorded i n  which b o t h  t h e  5577 and t h e  4278 e m i s s i o n s  

showed rayed  f o r m a t i o n s .  The rayed  o r  s t r ia ted  s t r u c t u r e  of t h e  

42788 is v e r y  good ev idence  t o  show t h a t  t h e  p r imary  a u r o r a l  e l e c t r o n s  

a re  a l s o  s t r u c t u r e d  i n  rayed  forms. T h i s  shows t h e r e f o r e  t h a t  t h e  

rayed  s t r u c t u r e  of the v i s i b l e  a u r o r a  is g e n e r a t e d  o u t s i d e  t h e  atmos- 

p h e r e  w h i c h  a p p e a r s  t o  c o n t r a d i c t  s u g g e s t i o n s  (Mende 1968) t h a t  

a u r o r a l  r a y s  and  s t r i a t i o n s  i n  bar ium i o n  c l o u d s  may have s imi l a r  
o r i g i n s .  
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AIRBORNE OBSERVATIONS 

A s  i t  w a s  p o i n t e d  o u t  earl ier i n  t h i s  d i s c u s s i o n ,  t h e  s c a t t e r i n g  

properties o f  t h e  e v e r  p r e s e n t  aerosols i n  t h e  lower atmosphere pre- 

s e n t  a h a z a r d  i n  t h e  o b s e r v a t i o n  of a u r o r a l  i n t e n s i t y  p r o f i l e s .  In 

order t o  make a d e f i n i t i v e  exper iment  aimed a t  t h e  r e s o l u t i o n  of t h e  

"blue g r e e n  anomaly" t h e  pho tomet r i c  o b s e r v a t i o n  of t h e  a u r o r a  f r o m  

a n  a i r c r a f t  was desirable. Such a n  o p p o r t u n i t y  p r e s e n t e d  i tsel f  

d u r i n g  t h e  1969 NASA a u r o r a l  a i r c r a f t  e x p e d i t i o n .  

The Lockheed s i x  channe l  photometer  was flown on a Convai r  990 j e t  

a i r c r a f t .  The photometer  was mounted i n s i d e  t h e  a i r c r a f t  and  w a s  

l ook ing  through a p l e x i g l a s s  window which w a s  mounted on t h e  t o p s i d e  

of t h e  f u s e l a g e .  The optic a x i s  of the photometer  channe l  w a s  look-  

i n g  s t r a i g h t  up i n  a n  approx ima te ly  v e r t i c a l  d i rect ion when t h e  p l a n e  

w a s  i n  f l i g h t .  

The photometer was of t h e  t i l t i n g  f i l t e r  v a r i e t y  described by E a t h e r  

and  Reasoner 1964 b u t  for  t h e  pu rposes  of t h i s  i n v e s t i g a t i o n  t h e  d a t a  

was t a k e n  w i t h  fixed f i l ters .  

On t h e  7 t h  of D e c e m b e r  1969, t h e  p l a n e  w a s  f l y i n g  i n a  n e a r  w e s t e r l y  

d i r e c t i o n  and was f l y i n g  p a r a l l e l  t o  a v e r y  w e l l  d e f i n e d  a u r o r a l  a rc  

i n  t h e  z e n i t h .  The f i e ld  o f  view of t h e  photometer  w a s  g e n e r a l l y  

n o r t h  of t h e  a u r o r a l  arc except a t  t i m e s  when t h e  p l a n e  e x e c u t e d  a 

s l o w  r o l l  motion i n  which case t h e  photometer  scanned t h e  edge  of 

t h e  a u r o r a l  arc. 

B e s i d e  t h e  Lockheed photometer  t h e r e  w e r e  a number of o t h e r  i n s t r u -  

ments on t h e  a i r p l a n e ,  for  example t h e r e  w e r e  t w o  TV sys tems which 
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were monitoring the aurora in the zenith in the entire visible. The 
video recordings taken by these cameras were used to illustrate the 

geometry of the aurora and the position of the field of view of the 
photometers. 

On Fig. 4 a sequence from TV monitor photographs is presented. These 

were taken while replaying the NASA video tapes and superimposing the 
timing information. 

the photometer was superimposed on the photographs manually. This 

circle was found by measuring distances of stars on the TV monitor 

and computing the size of the area representing the 3 O  circular field 

of view. 

The circle representing the 3 O  field of view of 

The important point to note is that during the sequence the field of 
view was never covered entirely by aurora and in fact the maximum 

overlap was never more than an area corresponding to less than 1.4 

Therefore our  photometric measurement in this case had a spatial 

resolution which was better than 1.4 . This resolution compared 
very well with the resolution of the measurement of Romick and Belon 

(1964, 1967a, 1967b) who used effectively a lo field of view and were 

not observing directly overhead. 

0 

0 

On Fig. 5 the photometer output is shown corresponding to the above 
event. 

associated with the very long lifetime of the O('D) state. The 

agreement between the traces representing the N 
01 (5577g) emission is fairly evident. 

The wide shape of the (63008) is due to diffusion effects 

+ 
(42788) and the 2 

To put the observation on a more quantitative basis, the variation 

of the ratio of 5577 and 4278 was studied. If there was a difference 
in the width of the arc in 4278 and in 5577 then the ratio of the two 

emissions would vary as a function of the distance perpendicular to 

the auroral arc. 
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F i g u r e  6 r e p r e s e n t s  a scat ter  p lo t  of 55778 i n t e n s i t y  a g a i n s t  4278 

i n t e n s i t y  a s  t h e  photometer was scann ing  t h e  edge of t h e  a r c .  The 

s t r a i g h t  l i n e s  w e r e  hand f i t t e d  t o  e s t a b l i s h  t h e  extreme ra t ios  

which c o u l d  be yielded by  such  a scatter p lo t .  The r a t i o  did n o t  

v a r y  s i g n i f i c a n t l y  a s  t h e  photometer  scanned  i n  and o u t  of t h e  

a u r o r a l  a r c  and t h i s  h a s  t o  be i n t e r p r e t e d  t h a t  t h e r e  w a s  no d i f -  

f e r e n c e  between t h e  ex ten t  of t h e  a u r o r a l  a rc  a s  obse rved  i n  42788 

and 55778. 

In F i g .  7 a n o t h e r  sequence  is i l l u s t r a t e d .  In t h i s  c a s e  t h e  maximum 

o v e r l a p  of t h e  photometer  f i e l d  of view approaches 2O. 

photometer  r e a d i n g ,  F i g .  8, t h e r e f o r e  shows a g r e a t e r  s i g n a l  and 

t h e r e f o r e  t h e  co r re spond ing  s c a t t e r  p l o t  covers a l a r g e r  i n t e n s i t y  

range ( F i g .  9 . )  The r a t i o  i n  t h i s  second case shows even less scat ter .  

I t  is  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  t w o  r a t io s  derived f r o m  t h e  sca t te r  

p l o t s  a r e  n o t  i d e n t i c a l .  V a r i a t i o n  i n  t h e  r a t i o s  of t h e s e  two e m i s -  

s i o n s  a r e  o f t e n  observed. The r eason  for  such  v a r i a t i o n s  c o u l d  s imply  

r e s u l t  f r o m  t h e  changes  i n  t h e  p r imary  a u r o r a l  par t ic le  e n e r g y  spec t rum 

Using t h i s  argument it may be p e r f e c t l y  possible t h a t  such  ene rgy  

spec t rum may change n e a r  t h e  edge  of a n  a u r o r a l  form and s o m e t i m e s  

i t  c o u l d  g i v e  rise t o  a change i n  t h e  b l u e  t o  g reen  r a t i o .  However 

i f  t h i s  w e r e  i ndeed  t h e  c a u s e  of t h e  "b lue  g r e e n  anomaly" t h e n  t h e  

o c c u r r a n c e  o f  t h i s  phenomenon would p r o b a b l y  be q u i t e  e x c e p t i o n a l .  

The r e s u l t a n t  
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DISCUSSION 

I n  two d i f f e r e n t  expe r imen t s  a s e a r c h  w a s  unde r t aken  for  d i f f e r e n c e s  

i n  t h e  s p a t i a l  e x t e n t  of a u r o r a e  i n  N 

Using a two c h a n n e l  narrowband filtered t e l e v i s i o n  sys tem selected 

e v e n t s  w e r e  s t u d i e d  and  beside f a s t  temporal v a r i a t i o n s  no s y s t e m a t i c  

d i f f e r e n c e  i n  t h e  s p a t i a l  p rof i le  of t h e  t w o  e m i s s i o n s  w a s  found. 

To conf i rm t h e  f i n d i n g s  a n  a i rb0 rn . e  photometer  w a s  used  t o  o b t a i n  

d a t a  conce rn ing  t h e  profile of a n  a u r o r a l  a r c  i n  t h e  t w o  emis s ions .  

These o b s e r v a t i o n s  are  a p p a r e n t l y  c o n t r a d i c t o r y  t o  earlier observa-  

t i o n s  of Romick and Belon 1964, 1967a, 1967b, and Murcray 1967. 

Romick and  Belon showed t h a t  a narrow a u r o r a l  a r c  h a s  a c e n t r a l  core 

of  5577a emiss ion  which is accompanied by  a more d i f f u s e  body o f  N2 . 
I n  a d d i t i o n  t o  t h i s  t h e y  found a b road  r e g i o n  or " s k i r t "  e x t e n d i n g  

n o r t h  s o u t h  of t h e  a u r o r a l  a r c  which a l so  c o n s i s t e d  of a d i f f u s e  

r eg ion  o f  N emis s ion  w i t h  a more c e n t r a l i z e d  5577 r eg ion .  The 

i n t e n s i t y  d i s t r i b u t i o n  i n  t h i s  l a t t e r  d i f f u s e  broad r e g i o n  may w e l l  

be e x p l a i n e d  b y  a e r o s o l  s c a t t e r i n g  because  t h e  b l u e  N (3914)  would 

be s c a t t e r e d  p r e f e r e n t i a l l y .  However r e g a r d i n g  t h e  d i f f e r e n c e  i n  

t h e  more i n t e n s e  c e n t r a l  r e g i o n  no e x p l a n a t i o n  c o u l d  be offered a t  

p r e s e n t .  The a u r o r a  under  o b s e r v a t i o n  i n  each  c a s e  may have  been 

indeed  d i f f e r e n t .  The s i g n i f i c a n c e  of t h e  p r e s e n t  w o r k  i s  i n  p o i n t -  

+ 
(42782) and  01( 5577) emiss ions .  2 

+ 

+ 
2 

+ 
2 

i n g  o u t  t h a t  t h e  model proposed by R o m i c k  and  Belon 1967a, 1947b 

may n o t  be a s  commonly o c c u r r i n g  a phenomenon a s  i t  w a s  t hough t  

p r e v i o u s  l y  . 
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T a b l e  1 

Number of p h o t o e l e c t r o n  c o u n t s  Pob a s  a f u n c t i o n  
of 01 t h e  a n g u l a r  f i e l d  of view. 

-1 9 2 2  

16 lo p h o t o e l e c t r o n  sec k i loRayle igh- '  p a  = 

where 

D = diameter of c i r c u l a r  c o l l e c t i n g  optics ( 5  c m )  

T = t r a n s m i s s i o n  of optics and  f i l t e r s  (50%) 

6 = photoca thode  e f f i c i e n c y  (10%) 

OL = f i e l d  of  view ( s q u a r e )  i n  r a d i a n s  

( F o r  TVCY = a n g u l a r  size of r e s o l u t i o n  e l e m e n t )  

0 
QI = 3 O  a = lo 01 = .1 01 = 0 083 

(Lockheed TV) 

2 2x10 
( 3  p e r  TV f i e l d )  

2x10 
(30 per f i e l d )  

2x10 
(300 per f i e l d )  

2 2 7x10 4 2 - 7x10 5 
1 KR 2 * 4x10 

3 3 2 7x10 5 2 7x10 
6 

10 KR 2 * 4x10 

4 4 2 - 7x10 6 2 - 7x10 7 100 KR 2 0 4x10 

1 Each TV f i e ld  i s  sec d u r a t i o n .  



FIGUFE CAPTIONS. 

1.The Lockheed Image I n t e n s i f i e r  Plumbicon C a m e r a  System. 

2 e Selected au ro ra l  sequence (. 

3.Video s i g n a l  from each channel representing i n t e n s i t y  d i s t r i b u t i o n  

of TV l i n e s  shown on Fig.2. 

4.NASA TV d a t a  from f l i g h t  no.9 with photometer f i e l d  of view superimposed. 

5 e Lockheed photometer data-. f rom f l i g h t  no. 9. 

6 . s c a t t e r  p l o t  of 4278A and 5577A i n t e n s i t i e s .  
0 0 

7.NASA TV d a t a  f r o m  f l i g h t  no.9 with photometer f i e l d  of view superimposed. 

8.Photometer da t a  from f l i g h t  no. 9. 

9.Sca t te r  p l o t  of 4278A and 5377A i n t e n s i t i e s .  
0 0 
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FIGUIiE 3 
Video signal from each channel representing 
intensity distribution of TV lines shown on 
Fig. 2. 



FIGURE 4 
NASA TV data from f ight no. 9 with photometer f ie  
of view superimpose 
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FIGURE 5 

Lockheed photometer data from f l i g h t  no. 9. 
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FIGURE 6 
Scatter plot of 42788 and 5577a intensities. 



FIGUH3 'I 
ASA TV data from flight no. 9 with photometer 
field of view superimposed. 
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FIGURE 8 
Photometer data from flight no. 9. 



IGHT 9, 6.16 U.T. 

FIGURE 9 

Scatter plot of 42782 and 55772 intensities. 


